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INTRODUCTION 

Trace element complexes are present in most crude oils 
and source rock bitumens (1). Past studies have used trace 
element distributions in oil-oil (2-10) and to a lesser extent 
in oil-source rock correlation studies (11,12). 
Unfortunately, the use of trace element distributions in 
correlation studies is limited because, other than the nickel 
and vanadyl porphyrins, very little is known about the nature 
of these trace element complexes. Even less is known about 
the parameters controlling their distributions in oils and 
bitumens (1) . 

Mineral matter has been shown to play an important role 
during the catalytic alteration of kerogen to form petroleum 
(13-18). Kaplan and co-workers (13-15) demonstrated that, 
during kerogen pyrolysis, the presence of clays decreases the 
pyrolysate yield due to adsorption of polar constituents and 
the increase in gaseous products. Work by Rose et. a1 (19). 
also showed that while the addition of minerals did not 
increase the aromatization of the kerogen, they did alter the 
pyrolysate yields. 

have on the hydrocarbon distributions during petroleum 
formation, it seems reasonable that they also influence the 
trace element contents in crude oils. In order to study this 
influence, kerogen from the New Albany shale was subjected to 
hydrous pyrolysis in the presence and absence of added 
minerals. A comparison of the trace element abundances in the 
generated pyrolysates and in the whole shale bitumen indicates 
the extent to which minerals control the trace element 
contents in the New Albany bitumen. 

Considering the effect that minerals in the source rock 

EXPERIMENTAL 

Kerogens were isolated from the New Albany shale as 
described previously (20). The bitumen-I1 was removed from 
the kerogen by soxhlet extraction (48 hrs.) using chloroform, 
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the kerogen was then separated into float/sink fractions by 
suspension in chloroform to remove residual minerals (mostly 
pyrite). 
calcite, pyrite, Na-montmorillonite, kaolinite, and illite. 

In a typical experiment, 309 of kerogen and 309 of 
mineral were mixed in a Pyrex "sleeve@@ with 130 mL deionized 
water. The @@sleeve" was then placed in a 1L autoclave. The 
system was flushed with nitrogen, and heated for 5 hours at 
300°C. Temperatures were monitored through a thermo-well 
placed directly into the sample. For comparative purposes, 
the bitumen-I extracted shale was pyrolysed under hydrous 
conditions (1509 shale, 200 ml H20) for 5 hrs. at 3OO0C. 

The pyrolysates were recovered after each pyrolysis by 
the same extraction method used to recover the bitumen-11. 
Pyrolysate yields were determined relative to the amount of 
kerogen originally pyrolysed and were not corrected for 
mineral content,mechanical sample loss, or losses due to 
formation of gaseous products. Trace element concentrations 
f o r  all samples were determined by instrumental neutron 
activation analysis (INAA) using the method described 
previously (21). 

The minerals added in the pyrolysis experiments were 

RESULTS AND DISCUSSION 

Pvrolvsate vields. The pyrolysis of kerogen with calcite 
gave the lowest yield of all the runs (table 1). This is 
consistent with the observations of Huizinga et. al. (15) who 
noted (for short heating times) lower pyrolysate yields for 
kerogens with calcite during both dry (and to a lesser degree) 
hydrous pyrolysis. They attributed this decrease in yield to 
inefficient heating due to the large amount of mineral 
present. It seems more likely that this effect is the result 
of an interaction between the kerogen and the calcite, 
however, since similar results were obtained under the 
conditions of this study (& lower kerogen to mineral ratio, 
hydrous conditions, and temperature measured from within the 
sample). 

The decrease in pyrolysate products generated in the 
presence of montmorillonite, and illite also agreed with the 
findings of Huizinga et. al.(l5). They demonstrated that 
these clays have high adsorptive capacities for the more polar 
components of the pyrolysate, and thermocatalyticly induce the 
formation of more gaseous products. These two effects cause a 
net reduction in pyrolysate yield. In contrast, however, the 
kerogen heated with kaolinite gave an increase in yield. This 
seems to indicate that kaolinite provides some thermocatalytic 
activity with a substantially lower adsorption capacity for 
pyrolysate products than illite or montmorillonite. 

Trace Elements. The concentrations of twenty trace 
elements in the bitumens, kerogen, and related pyrolysates are 
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shown in Table 1. For the sake of brevity only the nickel and 
vanadium values and their ratios will be discussed here. As 
can be seen from the graph in Figure 1, the vanadium 
concentrations for the different kerogen pyrolysates are 
fairly constant. This indicates that the minerals used have 
very little if any affect on the abundance of vanadyl 
porphyrins in the pyrolysates. The nickel concentrations 
(Fig. 2), however, show substantial variation among the 
pyrolysates. The most noticeable trend is the increase in 
nickel concentrations from Na-montmorillonite to kaolinite to 
illite. One explanation for this trend could be the 
preferential adsorption of nickel porphyrin with 
montmorillonite being the strongest adsorbent and illite the 
weakest. However, this is inconsistent with the pyrolysis 
yield data which indicates that kaolinite is the least 
adsorbent of the three clays. Another explanation for this 
trend is that the clays are causing the preferential 
decomposition of the nickel porphyrins on the surface as a 
function of surface acidity (Na-montmorillonite being the most 
acidic). 

The value for the nickel concentration from the kerogen- 
pyrite (KP) pyrolysis shows a dramatic drop which is 
comparable to the concentration from the montmorillonite run. 
It has been shown that at temperatures above 240 C, porphyrins 
in the presence of H2S are partially decomposed. Also in the 
presence of H2S and a Co-Mo catalyst, nickel and vanadyl 
porphyrins can be demetallated with nickel porphyrins having 
the higher demetallation rate (22). The generation of large 
amounts of H2S during pyrolysis with pyrite could possibly 
explain the observed drop in the nickel concentration. The 
pyrolysis with calcite also shows a drop in nickel 
concentration similar to the value seen in the kaolinite run. 
It is uncertain at this time why calcite would have this 
effect on the nickel porphyrins and further investigation is 
needed to determine the cause of this effect. 

kerogen, and related pyrolysates is shown in Figure 3. It can 
be seen from this comparison that the N i p  ratios are similar 
for the kerogen, and for the pyrolysates from the original 
kerogen, the kerogen float, and the whole shale. This is 
unsurprising since the kerogen is the source of the Ni and V 
complexes in these pyrolysates. 
in pyrolysates generated in the presence of minerals reflect 
the variations in the nickel concentrations for the 
pyrolysates. 

A comparison of the bitumen-I1 Ni/V ratio 
the Na-montmorillonite pyrolysate shows the two have very 
similar values. 
bitumen-11, which is more intimately associated with the 
mineral component of the shale, may be decomposing due to 
interaction with clays. 

A comparison of the Ni/V ratios for the bitumens, 

Variations in the N i p  ratio 

with that from 

This indicates that the Ni pophyrin in the 
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CONCLUSIONS 

The work presented here indicates that the mineral matrix 
of the shale plays an important role in determining the trace 
element distributions during petroleum formation. The data 
show variations in the Ni during pyrolysis of kerogen with 
clays and pyrite, whereas the V concentration remains 
essentially constant. Further investigation is needed to 
determine if this loss is due to the adsorption or the 
decomposition of the nickel complexes present. 
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Figure 1 (upper); 2 (middle); 3 (lower) Vanadium, Nickel, and 
Nickel/Vanadium Ratios in New Albany Kerogen Pyrolysates. 

WK=untreated kerogen, K=kerogen float, KP=kerogentpyrite, 
KC=kerogen+calcite, KM=kerogentmontmorillonite, KK=kerogentkaolinite, 
KL=kerogentillite, BI=bitumen I, SP=extracted shale pyrolysate, 
BII=bitumen 11, KER.=kerogen 
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